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Background: Adverse health effects at¬ 
tributable to environmental tobacco 
smoke (ETS) include respiratory illness 
and lung cancer in nonsmokers. There 
is accumulating evidence that children 
may be at heightened risk of cancer 
later in life as a result of exposure to 
carcinogens during their early develop¬ 
ment. It is of concern that as many as 9 
million American children under the 
age of S years may be exposed to ETS. 
Purpose: Our goal was to assess wheth¬ 
er levels of cotinine and polycyclic 
aromatic hydrocarbon-albumin (PAH- 
albumin) are associated with ETS ex¬ 
posure in children and in women of 
reproductive age, after accounting for 
background exposures to PAHs in the 
diet, workplace, and the home environ¬ 
ment. Methods: The study cohort was 
composed of 87 Hispanic and African- 
American mothers and 87 of their pre¬ 
school children (2-5 years of age). 
Plasma cotinine was analyzed by gas 
chromatography; PAH-albumin ad¬ 
ducts in peripheral blood were ana¬ 
lyzed by enzyme-linked immuno¬ 
sorbent assay. Exposure data were ob¬ 
tained by interview-administered ques¬ 
tionnaires. Results: Both cotinine and 
PAH-albumin were significantly 
higher in the children whose mothers 


smoked than in the children of non¬ 
smoking mothers (/’c.OOl and P<.05, 
respectively). Among the children of 
nonsmoking mothers, cotinine levels 
were also significantly higher in those 
who had ETS exposure from others in 
the household compared with the unex¬ 
posed children. By regression analysis, 
after adjustment for ethnicity, there 
was a significant dose-response rela¬ 
tionship between cotinine and the num¬ 
ber of cigarettes smoked per day by the 
mother, both in the children (partial r 2 
= .23; P = .01) and in the mothers (par¬ 
tial r 1 m .22; P = .01). Among the non¬ 
smoking mothers, regression of bio- 
markers against total passive smoking 
exposure also showed a significant as¬ 
sociation with cotinine (r 2 = ,25; P ~ 
.04), PAH-albumin did not show the 
same dose-related response with the 
smoking variables. Mothers’ cotinine 
levels were significantly correlated 
with those of their children (r = .76; 
P<.001) as were PAH-albumin adducts 
(r = .27; P = .014). Conclusion: ETS ex¬ 
posure of young children via their 
mothers’ smoking is associated with in¬ 
creases not only in the internal dose of 
ETS (cotinine), which has been pre¬ 
viously reported, but also in the 
biologically effective dose of the car¬ 
cinogenic (PAH) components of ETS 
(PAH-albumin adducts). This observa¬ 
tion underscores the carcinogenic and 
public health hazard of ETS. Implica¬ 
tions: Given the relatively low level of 
ETS exposure in this study, these 

results reinforce the need for effective 
programs aimed at smoking prevention 
and cessation among women, par¬ 
ticularly women of reproductive age 
and minorities. [J Natl Cancer Inst 
86:1398-1402,1994] 


Adverse health effects attributable to 
environmental tobacco smoke (ETS) in¬ 
clude respiratory illness and lung cancer 
in nonsmokers ( 1-3 ). There is accumulat¬ 
ing evidence that children may be at 


heightened risk of cancer later in life as a 
result of exposure to carcinogens during 
their early development (4J). Therefore, 
it is of concern that as many as 9 million 
American children under the age of 5 
years may be exposed to ETS (6). 

The two major components of ETS are 
diluted sidestream smoke from the 
smoldering of the cigarette between puffs 
and mainstream smoke exhaled by the 
smoker (2). Undiluted sidestream smoke 
contains higher concentrations of certain 
carcinogens than mainstream smoke, in- 
eluding benzofa]pyrene (BP) (2.5- to 3.5- *» 

fold) and 4-aminobiphenyl (31-fold) (2). 

Young children of parents who smoke 
have an increased incidence of bronchitis, 
pneumonia, and other respiratory ill¬ 
nesses compared with children of non- 
smokers {1,7). For respiratory infections 
in children under ! year, there is a dose- 
response relationship with maternal 
smoking (2). Although epidemiologic 
studies have not shown a consistent as¬ 
sociation between parental smoking and 
risk of lung cancer in nonsmokers (5,7,8), 
one report (5) suggests that approximate¬ 
ly 17% of lung cancers among non- 
smokers may be attributed to high levels 
of exposure to ETS during early child¬ 
hood and adolescence, 

Exposure to ETS increases the in¬ 
cidence of lung cancer in adult non- 
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STTuikeis (. 1 , 6 )■ Tti>‘ Nhturi.il Acadeniy ol' 
Sciences (2) has'estimated that the risk,is 
approximately 30ft higher for nonsmok¬ 
ing spduses of smokers than for non¬ 
smoking spouses of nonsmokers. 

Epidemiologic studies and assessments 
of cancer risk from ETS have been 
limited by inadequate data on individual 
exposure to ETS and on the range of 
variability in human biologic response to 
that exposure. In particular, potential 
risks of ETS to minorities, to young 
children, and to women of reproductive 
age have not been well characterized, 
Biomarkers can be useful in addressing 
these gaps in knowledge by providing 
direct measurements of the internal and 
biologically effective dose of ETS, mo¬ 
lecular effects, and susceptibility factors 
that modulate them (9). 

We have evaluated a number of com¬ 
plementary biomarkers in Hispanic and 
African-American preschool children and 
their mothers with varying exposure to 
ETS. The biomarkers include serum 
cotinine and polycyclic aromatic hydro¬ 
carbon (PAH)-albumin adducts. Coti- 
nine, a metabolite of nicotine, has a 
plasma half-life of 21-48 hours in non- 
smokers and 18-29 hours in smokers 
(10,11). PAHs are a class of carcinogens 
found in cigarette smoke (BP, 20-40 
ng/cigarette) and in other environmental 
media (diet, drinking water, and work¬ 
place and ambient air) (12). There is 
evidence that protein adducts, including 
PAH-albumin, can serve as surrogates 
for DNA adducts (13,14). PAH-DNA 
and other carcinogen—DNA adducts have 
been correlated with carcinogenic poten¬ 
cy in experimental studies and are there¬ 
fore considered to be a relevant indicator 
of the effective dose and potential risk of 
carcinogens 05,16). PAH-albumin has a 
considerably longer half-life than cotinine 
(21 days). 

The goal of this study was to assess 
whether levels of cotinine and PAH—al¬ 
bumin were associated with ETS ex¬ 
posure in children and in women of 
reproductive age, after accounting for 
background exposures to PAHs in the 
diet, the workplace, and the home envi¬ 
ronment. Ethnic differences in bio- 
markers and the extent to which 
children’s biomarkers are correlated with 
those of their mothers were also ex¬ 
amined. 


Subjects find Methods 

Subjects and Data Collection 

The'St'illy cohort was composed of mothers and 
their preSdhool children (2-5 years of tige) residing 
in northern Manhattan, New York, N.Y. Enrollment 
required dial the toother be the primary caretaker, 
spending at least 70% of her time in the home with 
her child. Mothers and children wens in good health 
at the time of the study, without chronic diseases 
such as hypertension, acquired immunodeficiency 
syndrome (AIDS), epilepsy, or a history of cancer. 
All eligible women were invited to participate and 
were enrolled during the fall, winter, and early 
spring—the seasons when families spend most of 
their time indoors. Following the protocol approved 
by the tocal Institutional Review Board, we obtained 
a written consent form from each mother on behalf 
of herself and her child. A bilingual interviewer 
administered an initial questionnaire to mothers to 
assess eligibility, followed by a more detailed ques¬ 
tionnaire concerning environmental and health his¬ 
tories of those eligible, Information was collected 
concerning active and passive smoking of cigarettes, 
cigars, and pipes; dietary exposure to PAH; vitamin 
intake; and environmental exposures to PAH in the 
workplace and home (coal and wood smoke and 
tar-roofing material). Health histories of the mother 
and child were also elicited. Following the inter¬ 
views, 15 mL of blood was drawn from each study 
participant with the use af heparinized tubes. The 
blood was separated immediately into plasma and 
cells, aliquoued, and held at -80 *C prior to labor¬ 
atory analysis. 

One hundred seventy-four individuals, including 
87 mothers and 87 children, were enrolled. One 
hundred fifty-six study participants were Hispanic, 
mainly Dominican and Puerto Rican, while 18 were 
African-American. Data on cotinine and PAH-al¬ 
bumin from these subjects are included in this 
report. 

Laboratory Analyses 

Cotinine. The method involved liquid/liquid ex¬ 
traction of plasma, followed by gas chromatographic 
separation using a 30*m 0.25-jttn ttiegabore column 
and a nitrogen detector operated in the nitrogen 
mode. An internal standard, iV-methyi cotinine, was 
added to the plasma before extraction. Five-point 
standard curves were generated for each analytical 
tvin, and low- and high-quality control samples were 
processed each day. The method required cold trap¬ 
ping injection followed by temperature program¬ 
ming to achieve optimal separation, which resulted 
in an analysis time of 18 minutes per sample. To 
facilitate productivity, an autosampier and online 
automatic data reduction were used so that samples 
could be processed during the evening or overnight, 
us needed {(7), 

PAH-albumin adducts. Albumin was isolated 
from the plasma after precipitation of im¬ 
munoglobulins with saturated ammonium sulfate. 
The supernatant was acidified with acetic acid and 
left at 4 “C overnight. The precipitated albumin was 
collected by centrifugation and resuspended in 0,05 
M phosphate buffer (pH 7,6). The sample (5 mg in 
500 |iL) was adjusted to 0,1 N HCI and heated at 
96 °C for 3 hours lo release BP teitols and possibly 


ot-ijr PAH meulkiliiu!!. Afrer ueulniizjitiori with 
NaOH and dilution with 500 pLIKOj M phosphate, 
buffer, the. sample was extracted twice with, 
isoamyl alcohol, live combined" extracts were 
washed with.2' tr.L of water, evaporated under a 
vac unto, and dissolved in 500 pL nfphosphcnc- 
biiffered saline 1 (PBS). The. sample woe analyzed 
bjt a competitive enzyme-linked immiinmocbciu 
assay (ELfSA)'ou 96-v.dl polystyrene microwoB 
plates coated With 5 ng ol'BPDEI DNA.hy drying 
PBS solutions overnight a'37 ’C. Tire plates vsue 
washed with PBS Containing 0.05% Tween 20, 
using an automatic plate Weshcr. A similar wash 
step was completed ; after each incubation. 
Monoclonal antibody 8E11 (18), which recognizes 
BPDE-I-DNA and protein adducts, was used at a 
1:30000 dilution in 1% fetal calf, serum. For the 
standard curve, serial dilutions of BPDE-Metrols 
in PBS from 5 to 25.Q0 fmol id 50 pL were added 
to the coated wells followed by 50 pL of antibody. 
Albumin extracts (50 pL) were also mixed with 50 
pL of diluted antibody. After incubation of the 
mixture on the plate for 90 minutes and washing, 
goat anti-mouse immunoglobulin G-alkalitie phos¬ 
phatase (100 pL of 1:5 00 dilution) was added to 
the wells. After 90 minutes, 100 pL of the sub¬ 
strate ^-nitrophcnyl phosphate (1 mg/niL 1 M 
diethanolamine; pH 9.6) was added. For statistical 
analysis of the data, absorbance at 405 rim was 
measured after 2 hours on a Dynattch MR 5000 
recorder (Alexandria, Va.) connected to an IBM 
computer. 

Statistical Analysis 

Questionnaire-derived exposure variables were 
used In the analysis as follows; For active smokers 
and their children, tobacco smoke exposure due to 
the mother’s smoking was based on her average 
number of cigarettes smoked daily during the 
preceding 2 weeks. In addition, an index of current 
Iota! passive exposure combined the mother’s 
average daily cigarette consumption (for children of 
smokers only) with the average number of cigarettes 
smoked daily by other household members in the 
home plus the average daily cigarette consumption 
by regular visitors while ia the home. 

Levels of cotinine and PAH-albumin adducts 
were log (In) transformed to normalize the distribu¬ 
tion and to stabilize the variance. Regression 
analysis was used to identify which of the following 
variables were associated (F<.I) with the bio¬ 
markers: age. sex. ethnicity (Hispanic versus 
African-American), average number of servings per 
week of charbroiled and smoked foods as a measure 
of dietary PAH. vitamin intake, environmental ex* 
posures to PAH, and season when the samples were 
collected. On this basis, only ethnicity was retained 
in the final regression model. 

Differences between exposure groups were 
analyzed initially by Student's r test, Differences in 
biomarkers between African-American and His¬ 
panic subjects were tested by analysis of variance 
(ANOVA), adjusting for exposure status. Multiple 
regression was used to examine, dose-response 
relationships, adjusting for ethnicity. Correlations 
between biomarkers in mothers and children and be* 
tween ihe two biomarkers were evaluated, by 
Pearson’s product moment correlation. 
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ilkL ' flJ. ' V-l, ,Tf ^t 


Results cigarette smoke was greater among mothers With ETS exposure Iroiii*other, ’ 

.'' children whose mothers smoked (meati, household members and visitors than in 

As Table I shows, 31 mothers were 18.8 cigarettes per day smoked in that the unexposed children of non smokers 
classified as current active smokers individuals presence ± standard error (Table i>. FAII-albumin did not differ 
t within the last 2 weeks). Most were light [SE] of 2.9; range, 3-75) than among chib between these two groups, 
smokers, so that the average consumption dren whose mothers did not smoke (mean. Levels of cdtinine and PAH-albumin 
:was oiie-half pack f 10 cigarettes) per day; 4,3 ± 0.9 [SE]; range, 0-30; (Fig. I). were li igher in African-American chil- 

ail mothers smoked less tliari otic pack Bath cotin in e arid PAH-albumin were dren Uiitn in HispanfcLchildrca'after-ad- 
per day (range, 3-18 cigarettes per day)* significantly ■ higher itl children whose justing for smoking exposure as was the 
Fifty-six womerrweis classified as noil- mothers 'intoked tttail in childrenof non- case for colinine in mothers. However* 
smokery, including Id ex-srnokers (last sittokuig mothers (^<.001 and^-cOS, the numbers were small and the dif-' 
smoked 1-10 years previously). No respectively; Table I), The difference be- ferertce was slutistldally significant only 
indther smoked cigars or pipesyonly three tween these two groups remained after for PAH-albuni;n adducts in the children 
lc niUieS were occasionally exposed to adjustment for ethnicity-by ANOVA, (Table 2). 

cigar smoke, and no family AVas exposed Cotiniiie levels were also significantly After adjustment for ethnicity, there 
to pipe Smoke. Total passive exposure to higher in the children of nonsmoking was a significant dose-response reiation- 


Tabte 1. Cotininc and PAH-albumin levels of mothers and children 


Children Mothers 


Cotinine, ngfmL PAH-albumin, finol/pg Colinine. ng/mL PAH-albumin, fmol/gg 



No. of 
subjects 

Mean 

SE 

No, of 
subjects 

Mean 

SE 

No, of 
subjects 

Mean 

SE 

No. of 
subjects 

Mean 

SE 

Mothers who smoke 

31 

4.14* 

0.542 

30 

0.35t 

0.065 

31 

170* 

21.2 

31 

0.80+ 

0.15 

Mothers who do not smoke 

56 

0,607 

0.133 

54 

0.17 

0.023 

56 

1.35 

0.644 

56 

0.41 

0.057 

Household members or 

32 

0.87+ 

0.203 

31 

0.18 

0.037 

32 

1.64 

0.967 

32 

0.49 

0.079 

visitors who smoke 
No$moker in household 

. 24 

0.250 

0,124 

23 

0,15 

0.022 

24 

0.958 

0.790 

24 

0.3J 

0.078 


*P<.001 compared with '‘mothers who do not smoke” group, 
fP<.05 compared with the “mothers who do not smoke” group. 
1 compared with the tl no snickers in household” group. 



Fig. 1. Cotin ine and PAH-albumim 
levels of mothers and children 
stratified by smoking exposure 
status. 
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TaWe 2. Ctjtif&e »H WUMaiiMBln levels of fttottiirs and childt^n slratiriea by ethiiiMty 

Children Mothers 


Cotinine, nj/ml. PAH-slbumin fmoUgg Coiinine, ng/mL PAH-albumin, ftnol/pg 



No, of 
subjects 

Mean 

SE 

No. of 
subjects 

Mean 

SE 

No. of 
subjects 

Mean 

SE 

No. of 
subjects 

Mean 

SE 

Mothers who smoke 

African-American 

3 

4.67 

1.20 

3 

0.79 

0.043 

3 

263 

45.5 

, 3 

0.71 

0,33 

Hispanic 

28 

4,10 

0.591 

27 

0.30 

0.065 

28 

160 

22.4 

28 

0-82 

0.16 

Mothers who do rtol smoke 

Afric an-Amen can 

6 

1.33 

0.615 

6 

0.34 

0.15 

6 

6.33 

.95 

6 

0.46 

0.25 

Hispanic 

50 

0.520 

0.130 

48 

0.15 

0.017 

50 

0.750 

0.392 

50 

0.41 

0.058 

Total 

African-American 

9 

2.44 

0.763 

9 

0.49* 

0.12 

9 

91.78f 

44.8 

9 

0.54 

0.19 

Hispanic 

78 

1.80 

0.298 

75 

0.20 

0.026 

78 

57.78 

It.8 

78 

0.55 

0.071 


*P <.DOS compared with Hispanic subjects, after adjusting for mother's smoking stauts by ANOVA. 
f P - .06 comparied with Hispanic subjects, after adjusting for smoking status by ANOVA. 


ship among the children of smokers be- significant for cotinine (r = .45; P - .01 mothers who smoked compared with the 
tween cotinine (but not PAH-albumin) for smokers and r = .50; P <.001 for non- nonsmokers, with a significant correlation 
and the number of cigarettes smoked per smokers), but not for PAH-albumin. between cotinine and cigarettes per day. 

day by the mother (coefficient of deter- In the nonsmoking women, total passive 

mutation [r 2 ] = .23; P = .01), Among all . smoking in the home (based on self- 

of the children, also adjusting for eth- U1SC USS10I1 reported current exposure) was highly 

nicity, regression of cotinine against the correlated with cotinine but not with al- 

index of total passive smoking showed a This study demonstrates that ETS ex- bumin adducts. This observation is not 
significant association (t 2 - .20; P-cOOOl), posure of young children via their surprising, since the haif-Uves of-the two 
in contrast to PAH-albumin (r 2 - .1; P - mothers’smoking is associated with in- biomarkers differ from 18-48 hours 
.70). Cotinine was not correlated with al- creases in the internal dose of ETS (cotinine) to 21 days (albumin) and there 
bumin adducts. (cotinine) and in the biologically effective is greater interindividual variation in ad- 

As shown in Table 1, mothers who dose of the PAH components of ETS duct formation than in nicotine metabo- 
were active smokers had significantly (PAH-albumin adducts). Because of the iism. Moreover, PAH adducts are less 
higher levels of both biomarkers than observed correlation between protein and specific to cigarette smoke than coiinine 
mothers who were nonsmokers. After ad- DNA binding by PAH and other car- and may reflect other background sources 
justment for ethnicity, in smoking cinogens, albumin adducts indicate that of PAH. 

mothers, there was a significant dose- DNA damage is occurring. Thus, PAH- in this study, albeit using limited 
response relationship between cigarettes protein adducts provide dosimetry data measures of dietary, residential, and oc- 
per day smoked in the last 2 weeks and that are relevant to potential risk of can- cupational sources of PAH, ETS was the 
cotinine (r^ = .22; P = .01), but not PAH- cer from these carcinogens (IS,14). While most important environmental contributor 
albumin (r 3 = .01; P - .59). Among the maternal smoking was the greatest con- to PAH-albumin adducts in nonsmokers, 
nonsmoking mothers, regression of tributor to these biologic markers in the Ail subjects resided in the same area of 
biomarkers against total passive smoking children, smoking by other household the city, ruling out confounding by 
exposure also showed a significant as- members and visitors was also associated ambient air exposure to PAH. The PAH- 
sociation with cotinine (r 2 = .25; P — .04), with a significant elevation in children's albumin values for smokers and iron¬ 
ist not with PAH-albumin (c 2 = .024; P = cotinine levels. This finding is consistent smokers in this study are comparable to 
.23). Cotinine was not significantly corre- with that of Coultas et ai. (19), who those repotted previously using a similar 
lated with adducts either among the reported a significant association between assay (20). 

smokers (correlation coefficients .14; cotinine levels in saliva and numbers of The observed correlation between 
P - .47) or among all the mothers {/■ - smokers per household in each of the fol- mothers' and children's cotinine levels 

,14; P = .21). lowing age groups; less than 5,6-17, and within exposure groups could reflect 

Overall, mothers’ cotinine levels were 18 years. It is notable that ETS exposure either a familial (possibly genetic) com- 
significantly correlated with those of their in our population was relatively low; ponem in this biologic response or corn- 
children O' = .76; P<.001) as were PAH- smoking mothers consumed an average of mon environmental exposures of mothers 
albumin adducts (r = .27; P = .014). 10 cigarettes per day and all smoked less and children. PAH-albumin adducts in 

Within each of the two exposure groups than one pack a day. mothers and children were correlated 

(mothers who smoked and mothers who Another important result was that overall bur not when evaluated within ex- 

did not), the correlations between levels of both coiinine and PAH-albumin posure groups, suggesting that the overall 
mothers and children were statistically adducts were markedly elevated in the correlation may result from shared en- 
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v'lronmemni exposures within fa'iiiiltes. 
Further studies arc needed to distinguish 
familial from shared environmental.'fac¬ 
tors related to biotnaikers. 

Although the internal and biologically 
effective doses of. tobacco-smoke pro- 
duds, reprcsenicd by : eounino and PAH.- 
albumin, respectively, Were higher in 
passively exposed mothers than in their 
.'children, it is iilteiy that children had less 
RTS exposure both within and outside the 
liome than'their mothers. A limitation of 



who' stopped smoking .din ing pregnancy 
began again within 1 year. The results of 
die present study reinforce the need for 
effective programs aimed at ■ smoking 
prevention ;ind cessation among-women; 
particularly women of reproductive 'age 
• and minorities. 

In conclusion, to our knowledge this is 
the first report that young children with 
relatively light exposure to ETS have 
elevated levels of both cotinine and car¬ 
cinogen-protein adducts in their blood. 


the study'was that data on ETS exposure 
outside the home were not collected, and 
personal monitoring data on nicotine and 
PAH air concentrations were not ob¬ 
tained. However, a strength of the study 
was the detailed information obtained on 
the level of maternal smoking as well as 
the level of smoking of other regular 
household members and regular visitors 
to the home. Moreover, biologic markers 
of the internal or effective dose of 
cigarette smoke constituents offer a sig¬ 
nificant advantage over air monitoring in 
that they are able to register individual 
variability in the biologic handling of 
these constituents. 

Although no conclusions can be drawn 
because of the small sample size, we ob¬ 
served ethnic differences in both cotinine 
and PAH adducts, with an increase in 
African-Americans compared with His- 
panics. This finding is limited by the 
small number of measurements in 
African-Americans; however, iris consis¬ 
tent with a prior study of cotinine in 
African-American and white children in a 
day care center and with a study of racial 
differences in serum cotinine levels 
among smokers in the Coronary Artery 
Risk Development in (Young) Adults 
study (2/,22). Possible differences in eth¬ 
nic susceptibility require further inves¬ 
tigation, especially in light of recent sales 
campaigns for cigarettes targeting Afri¬ 
can-Americans (23). 

A survey indicated that smoking is 
most common among women with fewer 
than 1 1 years of education and among un¬ 
married women and that these women are 
least likely to quit smoking during preg¬ 
nancy (24). Seventy percent of women 


This observation Underscores the poten¬ 
tial carcinogenic and public health hazard 
of ETS. 

References 

(1) Surgeon General: The health consequences of 
involuntary smoking- A Report of the Surgeon 
General, Rockville, Md.: Office on Smoking 
and Health, 1980 

(2) National Research Council, National Academy 
of Sciences: Environmental Tobacco Smoke. 
Measuring Exposures- and Assessing Health 
Effects. National Academy Press, Washington, 
DC, 1986 

(J) Environmental Protection Agency: Respira¬ 
tory health effects of passive smoking: Lung 
cancer and other disorders, Report No. 
EPA/600/6-90/006F. Washington, DC: Office 
of Health and Environmental Assessment, Of¬ 
fice of Research and Development, 1992 

( 4) National Research Council, National Academy 
of Sciences: Pesticides in the Diets of Infants 
and Children. National Academy Press, 
Washington, DC. 1993 

(5) Janerich DT, Thompson WD, Varela LR, et al: 
Lung cancer and exposure to tobacco smoke in 
the household. N Engl J Med 323:632-636. 
1990 

(6) American Cancer Society: Cancer Facts and 
Figures -1993. Atlanta: ACS, 1993 

(7) Pcrshagen G, Hrubec Z, Svensson C: Passive 
.smoking and lung cancer In Swedish women. 
Am J Epidemiol 125:17-24,1987 

(S> Fontham ET, Correa P, Chen VW: Passive 
smoking and lung cancer. J La State Med Soc 
145:132-136,1993 

(9) Per era F, Mayer J, Samel In RM, ct ah Biologic 
markers in risk assessment for environmental 
carcinogens. Environ Health Perspect 90:247- 
254,1991 

(10) Sepkovic DW, Haley N], Hoffmann D: 
Elimination from the body of tobacco products 
by smokers and passive smokers. JAMA 
256:863,1986 

(//) Benowitz NL» Jacob P. 3rd; Nicotine and 
cotinine elimination pharmacokinetics in 
smokers and nonsmokers. Clin Pharmacol 
Ther 53:316-323,1993 

(12) International Agency for Research on Cancer; 
Polynuclear Aromatic Compounds. Part l 
Chemical, Environmental and Experimental 
Data. 1ARC Monographs on the Evaluation of 




the Carcinogenic Risk of . Chemicals .w 
Humans. Lyon. France: 1ARC, 19 K 3.'32, pp 1- 
453 

(13) Skipper PL, Tiiv.ienbaum SR: Protein adducts 
in the molecular dosimetry of chemiciil car-' 

. uinogens, Carcinogenesis 11:507-51 S', 1990 
(/4) Lei- RM, Siv.itclla RM: pit;imitation of protein 
iuklnm ax a in :ukcr of genoioxic exp enure: 
immunologic detection of ben/ofiJ)pyrcnc- 
glohiiiadducis in mice. Carcinogenesis 9:177 3 : 
■1777, 19& ‘ 

(75) Pc'rera FP: The significance of DMA and. 
prOtelh :ulijncl$ in hum in bj:.itnonuoring 
studio Mutat-Ret 205:255-209.1988 

(16) Bartsctt H,'Terracini B. Mohaveilie C:' Quart- 
titative comparisons "of carcinogenicity, mu La* 

genicity arid electmphilicily of 10 ditect- 
aciing'alkylaUrit’apenis nra nf the initial 0&7- 
alkylguaftjne ratio in DNA with tare i no genic 
potency iri rodents. Mutat Res t !0:161-219, 
1983 

(17) Davis RA: The determination of nicotine and 
cotinine in plasma, j Ctiromaiogr Set 24:134- 

141.1986 

(75) Samella RM, Lin CD, Cleveland WL, et alt 
Monoclonal antibodies to DNA modified by a 
benzo[o]pyrene dibl epoxide. Carcinogehesls 
5:373-377,1984 

(19) Coultas DB, Howard CA, Peake GT, et al; 
Salivary cotinine levels and involuntary tobac¬ 
co smoke exposure in children and adults in 
New Mexico. Am Rev Rcspir Dis 136:305- 

309.1987 

(20) Sherson D, Sabro P, Sigsgaard T, et al; 
Biological monitoring of foundry workers ex¬ 
posed to polycyclic aromatic hydrocarbons. Br 
Jlnd Med 47:448453.1990 

(2/) PatlishaU EN, Strops GL, Etzel RA, et al: 
Serum cotinine us a measure of tobacco smoke 
exposure in children. Am J Dis Child 
139:1101-1104.1985 

(22) Wagcnknecht LE, Cutter GR, Haley NJ, et ah 
Racial differences in serum cotinine levels 
among smokers in the coronary artery risk 
development in (young) adults study. Am J 
Public Health 80:1053-1056, 1990 

(23) Cummings KM, Giovino G, Mendicino AJ: 
Cigarette advertising and black-white differen¬ 
ces in brand preference. Public Health Rep 
102:698-701,1987 

(24) Finger but LA, Kleiitman JC, Keiidick JS.‘ 
Smoking before, during, and after pregnancy. 
Am J Public Health 80:541 -544,1990 


Notes 

Supported by Public Health Service grant 
CA5H96 from the National Cancer Institute, Na¬ 
tional Institutes of Health, Department of Health and 
Human Services; and by grant PDT-373A from the 
American Cancer Society, by the Lucille P. Markcy 
Foundation, and by the Colette Chuda Environmen¬ 
tal Fund. 

We thank Dr. Nicholas Cunningham, Immaculata 
de Vivo, Chris Dickey, Rhoda Lonow, Robin 
Whyait, and Lian Wen Wang for their valuable con¬ 
tributions to ihis study. 

Manuscript received February 24, 1994; revised 
June 8,1994; accepted June 29,1994. 


.1402 REPORTS 


Journal of the National Cancer Institute. Vol. 86, No. 18, September 21,1994 



PM3006484876 

Source: https://www.industrydocuments.ucsf.edu/docs/tthj0001 



